Abstract: Malaria infection during pregnancy is a major public health problem in sub-Saharan Africa. The World Health Organization (WHO) recommends that gestational and congenital malaria can be prevented by using intermittent preventive treatment of malaria in pregnancy with sulfadoxine-pyrimethamine (IPTp-SP). IPTp-SP is a full therapeutic course of antimalarial medicine administered during pregnancy as a component of antenatal care. This study's objective was to assess the prevalence and predictors of IPTp-SP uptake in pregnancy in Sierra Leone. This study was based on the fifth round of the Multiple Indicator Cluster Survey (MICS 5) conducted in Sierra Leone in 2016. Participants were 8526 women aged between 15-49 years. Outcome variables were uptake of IPTp-SP during the last pregnancy. Data were analysed using cross-tabulation and logistic regression methods. Results showed that the prevalence of taking IPTp-SP was 94. 81% (92.40, 96.14), and that the prevalence of taking at least three doses was 93.24% (92.50, 94.81). In the multivariate logistic regression, education, parity, and antenatal care (ANC) use were significant predictors of IPTp-SP uptake. Women with higher education had lower odds of taking IPTp-SP (Odds Ratio = 0.647, 95%CI = 0.444, 0.943); having higher parity (>4) was associated with lower odds of taking IPTp-SP (OR = 0.663; 95%CI = 0.442, 0.994) and adequate ANC use increased the odds of taking IPTp-SP in both urban (OR = 1.450, 95%CI = 1.158, 3.128) and rural areas (OR = 1.903, 95%CI = 1.069, 1.966). In contrast, the positive association between ANC visits and adequate doses of taking IPTp-SP was true for rural women only (OR = 1.408, 95%CI = 1.174, 1.689). In conclusion, the use of IPTp-SP is close to being universal, with the prevalence being relatively higher in the rural areas. Based on our findings, promoting adequate antenatal care visits should be regarded as a key strategy to improve the use of IPTp-SP in Sierra Leone. Further studies could focus on exploring other predictors of IPTp-SP uptake that are not captured by MICS in Sierra Leone.
Introduction
Malaria, a parasitic infection transmitted by mosquitoes, is one of the most devastating infectious diseases, killing more than 1 million people annually. Pregnant women, children, and immunocompromised individuals have the highest morbidity and mortality [1] . Globally, 125 million women are at risk of malaria every year and in sub-Saharan Africa, the area most burdened by malaria, the disease is thought to cause as many as 10,000 cases of malaria-related deaths in pregnancy, between 75,000 and 200,000 infants deaths annually resulting from malarial infection during pregnancy, and approximately 11% (100,000) of neonatal deaths due to low birth weight resulting from Plasmodium falciparum infections in pregnancy [2] .
Malaria infection during pregnancy is thus a major public health problem, with substantial risks for the mother, her foetus, and the neonate [3] . It has been reported that malaria-associated maternal illness and low birth weight is mostly the result of Plasmodium falciparum infection and it occurs predominantly in Africa [4] . Pregnant women are more susceptible than the general population to malaria-they are more likely to become infected, have a recurrence, develop severe complications, and to die from the disease [5] .
Some of the complications suffered by pregnant women infected with malaria include miscarriages, intrauterine demise, premature delivery, low-birth-weight neonates, neonatal death, severe anaemia, hypoglycaemia, acute pulmonary oedema, foetal distress, premature labour, spontaneous abortions, and maternal death [1, 6] . Besides these complications, studies have reported that some factors associated with the occurrence of malaria in pregnancy include low maternal age, low parity, low gestational age, place of residence of woman, household wealth status, maternal educational level, knowledge of malaria in pregnancy, living in congested apartments, and non-use of sulfadoxine-pyrimethamine (IPTp-SP) during pregnancy [7] [8] [9] .
The World Health Organization (WHO) recommends the use of intermittent preventive treatment of malaria in pregnancy with IPTp-SP to prevent gestational malaria [3] . Many countries, including Sierra Leone, have adopted this policy [10] . However, although pregnant women are encouraged to take IPTp-SP [11] , poor implementation of the WHO policy has been observed through low utilization rates of IPTp-SP reported by many studies [9, [12] [13] [14] .
The risk of malaria in Sierra Leone is present throughout the country, including urban areas, and the risk is present at all altitudes. The incidence of Plasmodium falciparum Malaria is greater than 85% [15] . Although the country has launched several initiatives, such as insecticide treated nets and IPTp-SP use among pregnant women [16, 17] , the rate of non-use of these cost-effective methods is high and needs further investment to ensure better efficacy of these programs. In 2015, the President's Malaria Initiative (PMI) launched a six-year strategy, setting forth a bold and ambitious goal for malaria prevention and control in member countries. Two years later, in 2017, Sierra Leone was selected as a PMI focus country in the fiscal year (FY) 2017 [18] . In order to achieve the target of universal coverage for IPTp stated in the PMI plan, it is necessary to continuously assess the level of utilisation of IPTp-SP and its covariates, which should be used to guide policy making on the prevention and control of malaria in pregnancy. This study's objective was therefore to assess the prevalence and predictors of IPTp-SP uptake in pregnancy in Sierra Leone. Due to lack of population-based surveys on malaria-related indicators in Sierra Leone, we used data from the latest Multiple Indicator Cluster Survey (MICS) that was conducted in Sierra Leone in 2017. The findings are expected to provide important insights for malaria control programs and promotion of IPTp in the country.
Methods

Data Source
Data were collected from the sixth round of the Multiple Indicator Cluster Survey (MICS) for Sierra Leone in 2017. The survey was carried out in by Statistics Sierra Leone (Stats SL) with technical support from United Nations Children's Fund (UNICEF) as part of the Global MICS Programme, with financial support provided by The Government of Sierra Leone, UNICEF, United Nations Population Fund (UNFPA), the World Health Organization (WHO), World Food Programme (WFP), and the European Union (EU). Field work lasted from May to August, 2017. The survey included 18,006 women aged 15-49 years, of whom 17,873 were interviewed (response rate 99.3%). However, the present study only included those experiencing a childbirth five years prior to the survey. Details of the survey have been published elsewhere (Statistics Sierra Leone. 2018. Sierra Leone Multiple Indicator Cluster Survey 2017, Survey Findings Report. Freetown, Sierra Leone: Statistics Sierra Leone).
Measures
Outcome variable: The main outcome variable was adequate use of intermittent preventive therapy with sulfadoxine-pyrimethamine (IPTp-SP), which was assessed by asking the respondents whether or not they took Fansidar (sulfadoxine-pyrimethamine, SP) during their last pregnancy. As per WHO recommendations, at least three doses of SP were defined as adequate: adequate (≥3 doses) and inadequate (<3 doses).
Sociodemographic Variables
The following variables were considered for the analysis due to their known/theoretical association with the use of malarial treatments in the general population:
Age groups (15-19, 20- . The underlying assumption is that health service utilisation is influenced by women's knowledge, self-efficacy, accessibility, and affordability of a service, which are likely to vary across sociodemographic groups and geography. We included media use variables such as TV and radio as they can improve women's exposure to health information, thus potentially leading to service utilisation.
All the variables were self-reported, except for the wealth index. Wealth index is calculated by assessing the possession of durable goods in the household (e.g., TV, radio, bicycle, etc.) and housing quality (e.g., type of floor, wall, roof, etc.). Each of the selected household items is assigned a factor score generated through principal component analysis (PCA), which is then summed and standardized for the households. The scores are thus obtained from a continuous scale and subsequently categorized into quintiles to rank the household as poorest/poorer/middle/richer/richest [19] .
Statistical Analyses
Statistical analyses were performed with Stata version 14. Prevalence rates of adequate uptake of IPTp-SP for each explanatory variable were shown as percentages by using the survey command to account for survey weights. After that, a binary logistic regression model was used to calculate the odds ratios of the associations between adequate use of IPTp-SP and the covariates. Both bivariate and multivariate analyses were carried out to examine the crude and adjusted association. Results of regression models were presented as odds ratios along with their 95% CIs. A p-value of <0.05 was considered statistically significant for all analyses.
Ethical Approval
The study was based on the analysis of secondary data sourced from the UNICEF website: http://mics.unicef.org/. Since this website and its data are open to the public, no additional approval was necessary to reuse the data.
Results
Sample Characteristics and Prevalence of Uptake of IPTp-SP in Sierra Leone
Sample characteristics and the prevalence of the uptake of IPTp-SP among women in Sierra Leone are shown in Table 1 . Regarding participants' characteristics, 2112 (24.8%) of the participants were of age 25-29 years. Most of the participants (68.2%) were residents in rural areas, 3251 (38.1%) of whom were from the North region of the country and 59.1% of whom either had no education or had attained only the pre-primary level of education. Three thousand and sixty-seven (36.0%) of the participants were from the Temne ethnicity and 26.7% of them were from households in the poorest wealth quintile. Most of the participants (46.4%) had delivered twice. More than half (61.5%) of the women did not use the radio, 82.0% of them did not use the television (TV), and 96.7% of the women did not use internet services. However, 5434 (63.7%) of the participants had mobile phones and 87.5% of them made adequate ANC visits when they were pregnant.
Regarding the prevalence of IPTp-SP uptake among women, results indicate that the overall prevalence of taking IPTp-SP was 94.81% (92.40, 96.14), and that the prevalence of taking at least three doses was 93.24% (92.50, 94.81). The results also show that the percentage of taking IPTp-SP was higher in women aged 25-29 years (24.7%), residents of rural areas (59.4%), individuals in the North region (35.2%), women with primary level education (55.1%), women of Limba ethnicity (32.1%), participants from households in the poorest wealth quintile (22.0%), those who have given birth twice (47.7%), and those who respectively do not use the radio, TV, and internet (58.2%, 76.0%, and 95.7%, respectively). IPTp-SP uptake also tended to be higher in women who had no mobile phones (60.0%), as well as in women who made adequate ANC visits (88.5%).
Predictors of IPTp-SP Uptake Among Women in Sierra Leone
The factors associated with the uptake of IPTp-SP among women in Sierra Leone are presented in Tables 2 and 3 . In the bivariate analysis, all factor variables appeared to have an association with the uptake of IPTp-SP. These covariates included participants' age, place of residence, region of residence, educational level, ethnicity, wealth status, use of radio, use of TV, use of internet, possession of a mobile phone, parity, and ANC visits ( Table 2 ).
In the multivariate logistic regression, women with higher education had lower odds of taking IPTp-SP (OR = 0.647, 95%CI = 0.444, 0.943). Having access to mobile or internet did not show any significant association with IPTp-SP use. Having higher parity (>4) was associated with lower odds of taking IPTp-SP (OR = 0.663; 95%CI = 0.442, 0.994). Adequate ANC use increased the odds of taking IPTp-SP in both urban (OR = 1.450, 95%CI = 1.158, 3.128) and rural areas (OR = 1.903, 95%CI = 1.069, 1.966). In contrast, the positive association between ANC visits and adequate doses of taking IPTp-SP was true for rural women only (OR = 1.408, 95%CI = 1.174, 1.689) ( Table 3) . Table 1 . Prevalence of taking sulfadoxine-pyrimethamine (IPTp-SP) in Sierra Leone (n = 8526). N.B. Odds ratios; 95% confidence intervals in brackets; * p < 0.05, ** p < 0.01, *** p < 0.001.
Discussion
In this study, we examined the prevalence and predictors of taking intermittent preventive treatment of malaria in pregnancy in Sierra Leone, using data from the sixth round of the Multiple Indicator Cluster Survey (MICS 5) conducted in Sierra Leone in 2016. The study found that the overall prevalence of IPTp-SP uptake among women in Sierra Leone was 94.81%, while the prevalence of women who took at least three doses of IPTp-SP was 93.24%. We also documented that the prevalence of IPTp-SP uptake tends to be higher in women aged 25-29, women residents in rural areas, women from the North region, women with primary level of education, women of Limba ethnicity, women from households in the poorest wealth quintile, those who have given birth twice, those who do not use the radio, TV, and internet, as well as women who had no mobile phones and who made adequate ANC visits.
In the multivariate logistic regression analysis, results showed that the covariates that had statistically significant higher odds of prediction of IPTp-SP uptake in pregnancy included higher educational level, higher parity (>4), and making adequate ANC visits during pregnancy. Surprisingly, women with primary and higher education had lower odds of taking IPTp-SP compared with those who had no education. In general, educated women are more likely to be aware of pregnancy health-related issues and take preventive measures. For example, previous studies have shown that educated women are more likely to use reproductive health services such as antenatal and postnatal care [20, 21] . Similarly, women who attend ANC have high odds of taking IPTp-SP. Our findings showed a strong positive association between ANC and taking IPTp-SP, however, the positive association between ANC and adequate doses of taking IPTp-SP was true only for rural women. We also found that women with high parity had lower odds of taking IPTp-SP. This association was also significant only among rural women; a possible reason for this might be the lower socioeconomic condition associated with higher parity in many African countries.
The high prevalence of IPTp-SP uptake reported in this study falls in line with the findings of a similar study in Ghana that reported a high IPTp-SP uptake level of 98.5% [22] . Nevertheless, the estimated prevalence of IPTp-SP uptake reported in this study is higher than the prevalence range of 29.5-70.2% reported in other studies [9, [12] [13] [14] . Also, the prevalence of taking at least three doses of IPTp-SP during pregnancy reported in this study is similar to that reported in a study conducted in Tanzania [23] , although it differs greatly with the findings of other studies that reported lower prevalence of adequate IPTp-SP uptake [9, 12, 14, 24] .
With regards to the predictors of IPTp-SP uptake, some studies have reported that the statistically significant factors associated with IPTp-SP uptake include institutional delivery, attendance of ANC, awareness of IPTp-SP, having placental malaria, and having higher educational level [12, 24, 25] . However, our study reveals that higher educational level of women, higher parity, and adequate ANC use by women were significant factors associated with adequate IPTp-SP uptake. This is similar to the findings of studies that have found educational level [12, 24, 26, 27] , ANC attendance [9, 24] , and parity [28] as significant factors of adequate IPTp-SP uptake. However, the findings are dissimilar to those of a study that found only placental parasitaemia as an associated factor to uptake of IPTp-SP [29] . In Sierra Leone, the health system is well organized, and it uses the PMI strategic plan for FY 2017 [18] to prevent and control malaria in women who are pregnant through the distribution of sulfadoxine pyrimethamine to pregnant women at their ANC visits. We perceive this to be the main force behind the high prevalence of IPTp-SP uptake in this country.
Strengths and Limitations
Our findings might be limited considering the secondary nature of the data we used, which allowed us little control over the variables to include in our analysis, and the fact that we considered only age, place of residence, region, education, ethnicity, wealth status, use of radio, TV, and internet, as well as possession of mobile phone, and parity visits as potential predictors of IPTp-SP uptake. Other predictors of IPTp-SP uptake not captured by the MICS might have been missed. For example, sociocultural factors such as trust or misconception about drugs/vaccines are known predictors of drug/vaccine hesitancy among women [30, 31] . We were also unable to assess whether there were any geographic barriers to accessing the services in the study population, which might have influenced the association. However, we worked within the confines of our objectives, and other predictors of IPTp-SP uptake could be explored in another study.
Conclusions
The present analysis concludes that the use of IPTp-SP is close to being universal in Sierra Leone, with the prevalence being relatively higher in the rural areas. Based on our findings, promoting adequate antenatal care visits by ensuring the availability of IPTp drugs should be regarded as an important strategy to improve the use of IPTp-SP in Sierra Leone. Further studies could focus on exploring other predictors of IPTp-SP uptake that are not captured by MICS in Sierra Leone.
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